Abstract: The nucleophilic addition of 2,4-dithiobiurete, 1-and 1,4-substituted 2,4-dithiobiuretes (2 a-e) with benzoylacetylene (1) has been studied. 2-(Benzoylmethyl)-4-(R 1 -imino)-6-(R 2 -imino)dihydro-4H-1,3,5-dithiazinium perchlorates (3 a-e) are obtained in glacial acetic acid (AcOH) in the presence of equimolar quantities of HClO 4 .
Introduction
It is known that the reaction of phenylisocyanodichloride with 1-aryl-2,4-dithiobiuretes in boiling benzene gives 5-aryl-4-phenylimino-1,3,5-triazines [1] , whereas reaction with 1,3,5-trisubstituted 2,4-dithiobiuretes under analogous conditions produces substituted ¤ E-mail: dgv@irioch.irk.ru 1,3,5-dithiazines [2] . The reaction of 1-alkyl (or aryl)-2,4-dithiobiuretes with aldehydes and ketones in the presence of HCl [3] , or ethylchloroformiate [4] leads to the formation of hexahydro-4,6-dithioxo-1,3,5-triazines, whereas the reaction of 1-aroyl-2-bromoacetylenes with 2,4-dithiobiurete in benzene or acetic acid (AcOH) forms 2-acylmethylene-4,6-diimino-5,6-dihydro-1,3,5-dithiazinium hydrobromides [5] . The present work researches the reactions of activated acetylenes with sulfur-and nitrogen-containing polyfunctional, polydentate nucleophiles as a potentially convenient method for the synthesis of diverse sulfurand nitrogen-containing heterocyclic compounds.
Results and Discussion
Earlier we reported that the interaction of benzoylacetylene with 2,4-dithiobiurete in MeOH and MeCN is accompanied by elimination of a sulfur atom from the molecule of nucleophilic reagent, leading to the formation of bis(¯-benzoylvinyl)sul¯de [6] .
In the present study we¯nd that benzoylacetylene (1) reacts with 2,4-dithiobiurete (2a), 1-methyl-2,4-dithiobiurete (2b), 1-phenyl-2,4-dithiobiurete (2c), 1-methyl-5-phenyl-2,4-dithiobiurete (2d), and 1,5-diphenyl-2,4-dithiobiurete (2e) in glacial AcOH at 20ºC in the presence of an equimolar amount of HClO 4 to give 2-(benzoylmethyl)-4-(R 1 -imino)-6-(R 2 -imino)dihydro-4H-1,3,5-dithiazinium perchlorates (3 a-e) in high yields (Scheme 1).
Scheme 1
The reaction most likely proceeds via the formation of an intermediate ketovinylsul¯de are based on the spectra of the initial 2,4-dithiobiuretes and literature data. The up¯eld shift of the CH carbon resonance may be explained by the e®ect of two neighboring sulfur atoms. Substituted 1,3,5-dithiazines (3 a-e) are crystalline or powdery compounds melting with decomposition and are stable only as the corresponding salts. Treatment of the salts (3 b, 3 c) with a 0.1 N NaOH solution in DMSO in order to obtain free bases, led to the isolation of bis(¯-bezoylvinyl)sul¯de (4), the corresponding 2,4-dithiobiuretes (2 b, 2 c), and an unidenti¯ed compound, which displays a distinct absorption band at 2130{2150 cm ¡1 the IR spectrum.
The formation of bis(¯-benzoylvinyl)sul¯de (4) is likely to follow a mechanism presented on Scheme 2.
Scheme 2
Upon reaction with base, the 1,3,5-dithiazine ring in salts (3 b, 3 c) opens to form a cyclic transition complex (B) in which the C-S bond of the thioamide fragment is readily cleaved to give the vinylthiol (C). The latter in turn attacks the electron-de¯cient -carbon in the intermediate (E), producing the bis(¯-benzoylvinyl)sul¯de (4) and the corresponding 2,4-dithiobiuretes (2 b, 2 c). The unidenti¯ed reaction product seems to be the carbodiimide derivative (D).
The distinct instability of the free bases of 1,3,5-dithiazines may be explained in terms of the structure of 2,4-dithiobiurete as a composition of ambident particles prone to electron delocalization. In this case, the 1,3,5-dithiazinium perchlorates (3 a-e) can be represented as a set of resonance structures (F-I), i:e:, as a conjugated cation (J) with the positive charge delocalized over the ring atoms and exocyclic nitrogen atoms.
When deprotonated by base, the 1,3,5-dithiazine ring coplanerity is disturbed, the heterocyclic ring becomes stressed, and as a result, breaks down.
These results are consistent with the data reported in [1] , in which the corresponding 1,3,5-dithiazines were isolated only as salts. When treated with ethanol, these salts readily undergo isomerization to 1,3,5-triazines. In addition, the above authors [2] have reported the preparation of stable 1,3,5-dithiazine bases from the reaction of phenylisocyanodichloride with 1,3,5-trisubstituted 2,4-dithiobiuretes.
We have found that, in contrast to perchlorates (3 b) and (3 c), the 2-(benzoylmethyl)-4,6-di(phenylimino)dihydro-4H-1,3,5-dithiazinium perchlorate (3 e) has a stable dithiazine ring and can be transformed to the free base, 2-(benzoylmethyl)-4,6-di(phenylimino) dihydro-4H-1,3,5-dithiazine (5) in quantitative yield upon treatment with 0.1 N NaOH in DMSO (Scheme 3).
In order to clarify the factors responsible for the structure and stability of the products formed when benzoylacetylene (1) reacts with 2,4-dithiobiuretes, (2) we have investigated in detail the reaction of benzoylacetylene (1) with 1,5-diphenyl-2,4-dithiobiurete (2e) using di®erent solvents (AcOH, MeOH, benzene, acetonitrile) temperatures (0ºC and 20ºC), and reagent ratios ( (1) : (2e) = 1:1 and 2:1). The reaction occurs nonselectively to give a mixture of products: (7), and 2-(benzoylmethyl)-4-(¯-benzoylvinyl)thio-3-phenyl-6-(phenylimino)-3,6-dihydro-2H-1,3,5-thiadiazine (8) (Scheme 3). Reaction progress was monitored by thin layer chromatography on \Silufol" plates using a 3 : 1 benzene/ether mixture as the eluent, and the reaction was determined to be complete upon the disappearance of benzoylacetylene spot from the reaction mixture.
Compounds (5), (6), (7), (8) were isolated in the pure form by fractional crystallization. In each case the relative product composition was evaluated by the integration of the 1 H NMR spectrum of the mixture and by comparison with the spectrum of individual compound.
In the 1 H NMR spectra of compounds (5) and (7), the CH 2 CH-group proton signals are a doublet and triplet, characteristic of A 2 X spin system. In compound (8), the methyne carbon atom is chiral, and the adjacent methyl group protons are prochiral. The observed splitting pattern is an AB quartet (J AB = 18 Hz), each part of which is split by the vicinal methyne proton, SSCC.
Scheme 3
The reaction of benzoylacetylene (1) with 1,5-diphenyl-2,4-dithiobiurete (2e) in AcOH at 20ºC leads to the corresponding 1,3,5-dithiazine (5) and 1,3,5-triazine (7) with a signi¯cant predominance of compound (5); the (5): (7) ratio is approximately 5 : 1 by 1 H NMR. In benzene and acetonitrile at 20ºC, a mixture of 1,3,5-triazine (7), 1,3,5-thiadiazine (8) , and benzoylvinylthiourea (6) is formed in the ratio (7): (8):(6) º 2 : 2 :1. It should be noted that when the reaction is carried out at a (1) : (2e) ratio of 2:1 the absolute yield of 1,3,5-thiadiazine (8) increases. In MeOH at 0ºC the reaction mixture contains compounds (5), (7), and (8) in the 1 : 1 : 1 ratio and a small amount (¹ 5 %) of (6). When 1,3,5-dithiazine (5) is re°uxed in benzene for an hour, the compound is almost completely transformed to the substituted thiourea (6) . Similar treatment of 1,3,5-dithiazine (5) in boiling AcOH results in an increased content of 1,3,5-triazine (7) (¹ 30% compared to ¹ 15{17% in the reaction undertaken in AcOH at 20ºC).
The results suggest the following conclusions. The presence of electron withdrawing carbonyl group in benzoylacetylene (1) facilitates the formation of an electrophilic centre on the¯-carbon of the acetylenic group, which is susceptible to attack of the nucleophilic sulfur atom. In our opinion, independent of the reaction conditions and the solvent employed, the¯rst step of the reaction involves the formation of intermediate (A) (Schemes 1, 3). Further reactions follow di®erent competing pathways depending upon the experimental conditions and the nature of substituent on the nitrogen atoms of the initial 2,4-dithiobiuretes (2) (Scheme 3).
When the second sulfur atom attacks the¯-carbon atom of S-acylvinyl adduct (A), the formation of the carbanion (K) is additionally stabilized by the proton present in the reaction mixture (HClO 4 , AcOH, MeOH), leading to the predominant formation of the 1,3,5-dithiazine heterocycle (3, 5) . In aprotic solvents (C 6 H 6 , MeCN), however, further reaction is dependent upon the spatial arrangement of the isothiobiurete fragment Another reaction product, 2-(benzoylmethyl)-4-(¯-benzoylvinyl)thio-3-phenyl-6-(phenylimino)-3,6-dihydro-2H-1,3,5-thiadiazine (8) , is probably formed as a result of intramolecular cyclization of the intermediate S,S-di(¯-benzoylvinyl)-2,4-isodithiobiurete (O). In previous work, we have isolated an analogous intermediate product [6] .
Among 1,3,5-dithiazine (5), 1,3,5-triazine (7), and 1,3,5-thiadiazine (8) derivatives synthesized in this work, compounds containing a 1,3,5-dithiazine ring are the most unstable in our opinion. As shown experimentally, these compounds are prone to ring opening, perhaps due to the electrostatic repulsion of large-size sulfur atoms at the methyne carbon atom or to the recyclization to the more stable 1,3,5-triazine (7) and 1,3,5-thiadizine (8) . With 2,4-dithiobiurete (2 a) [6] and its mono-substituted analogs (2 b, c; R 2 = H), the presence of one more proton at the terminal nitrogen atom results in the formation of a transition complex (B) and leads to sulfur atom elimination forming (thiocarbamoyl)carbodiimides (D) and/or (thiocarbamoyl)isothiocyanates [7] (Scheme 2).
Experimental
IR spectra were recorded on an IFS-25 Fourier spectrometer (KBr pellets).
1 H and 13 C NMR spectra were recorded on a Bruker-DPX 400 instrument (400.13 MHz 1 H; 100.61 MHz 13 C) using DMSO-d 6 as the solvent.
Mono-and disubstituted 2,4-dithiobiuretes (2 b-e) were synthesized using techniques described earlier [8, 9] .
perchlorates (3 a-e): General procedure. To a suspension of the corresponding 2,4-dithiobiurete (2 a-e) (10 mmol) in 20 ml of glacial acetic acid, a solution of benzoylacetylene (1) (10 mmol) and 2 ml of 40 % perchloric acid (HClO 4 ) in 10 ml of glacial acetic acid was added while stirring. The reaction mixture was stirred for 3 h at 20ºC. The resulting oily, yellow solution was poured into a 100 ml of dry diethylether, stirred for 1 h, and the precipitate was¯ltered o®, washed with ether, and dried in vacuum. Analytical grade samples were recrystallized from glacial acetic acid. Reaction of 1,3,5-dithiazinium perchlorates (3 b, c) with sodium hydroxide. 2-(Benzoylmethyl)-4-imino-6-(methylimino)dihydro-4H-1,3,5-dithiazinium perchlorate (3 b) (0.38 g) was dissolved in 5 ml of DMSO and cooled to 10ºC. Next, 30 ml of 0.1 N aqueous NaOH was added, and the solution was stirred for 1 h. The reaction mixture was poured into 50 ml of cold water; the precipitate was¯ltered o®, washed with water, and dried in vacuum, yielding 0.13 g (88 %) of bis(¯-benzoylvinyl)sul¯de (4 The¯ltrate was neutralized with 0.1 N HCl to a pH of 6.5{7.0; the precipitate was ltered o®, washed with water, and dried in vacuum, yielding 0.12 g of a dark-yellow powder, which was then stirred with 5 ml of methanol for 0.5 h at 20ºC. The insoluble portion was¯ltered o® and recrystallized from MeOH to give 0.06 g (81 %) of 1-methyl-2,4-dithiobiurete (2 b), m.p. 156ºC (m.p. 157ºC [8] ).
2-(Benzoylmethyl
The methanol solution was slowly evaporated dryness, the residue was ground in petroleum ether (fraction with b.p., 40{60ºC) to give 0.05 g of the unidenti¯ed compound (D) (Scheme 2), m.p. 96{98ºC.
Analogously, from 0.44 g perchlorate (3 c) 0.09 g (62 %) of sul¯de (4) and 0.07 g (70 %) of 1-phenyl-2,4-dithiobiurete (2 c) were obtained,m.p. 178{180ºC (m.p. 180ºC [8] After isolation of compound (7), the mother liquor was evaporated to 1/3 volume in air at 20ºC. To the solution, 10 ml of benzene was added, stirred, and allowed to stand at 5{8ºC for 24 h. The precipitate was¯ltered o®, washed with 2 ml of cold benzene, and dried in vacuum to give 0.34 g (30%) of 1,3,5-thiadiazine (8) as a yellow powder. m.p. 157{158ºC (see below).
After separation of compound (8), the mother liquor was evaporated to a consistency of viscous oil in air and ground in petroleum ether (fraction b.p. 40{60ºC); the residue was¯ltered o®, dissolved in 5 ml of DMSO, and placed into 20 ml of water. The precipitate was¯ltered o®, washed with water, and dried in vacuum under CaCl 2 , yielding 0.51 g (29 %) of 1,3,5-dithiazine (5). After the isolation of products (8) and (6), the mother liquor was treated as described in Method A to give 0.71 g (34 %) of 1,3,5-triazine (7) (m.p. 198{200ºC).
Method C. The reaction and isolation of individual compounds were carried out in a manner analogous to that described in Method B using MeCN as the solvent, yielding 0.44 g (33 %) of 1,3,5-thiadiazine (8), 0.21 g (15 %) of the thiourea detivative (6), and 0.67 g (32 %) of 1,3,5-triazine (7).
